Spectroscopic studies of structural changes in two beta-sheet-forming peptides show an ensemble of structures that unfold noncooperatively.
A characterization of the conformation and stability of model peptide systems that form beta-sheets in aqueous solutions is considerably important in gaining insights into the mechanism of beta-sheet formation in proteins. We have characterized the conformation and equilibrium folding and unfolding of two 20-residue peptides whose NMR spectra suggest a three-stranded beta-sheet topology in aqueous solution: Betanova [Kortemme, T., Ramirez-Alvarado, M., and Serrano, L. (1998) Science 281, 253-256] and (D)P(D)P with d-Pro-Gly segments at the turns [Schenck, H. L., and Gellman, S. H. (1998) J. Am. Chem. Soc. 120, 4869-4870]. Both circular dichroism (CD) and infrared measurements indicate only 20-26% beta-sheet-like structure at 5 degrees C for Betanova and 42-59% beta-sheet for (D)P(D)P. For both peptides, the CD and infrared spectra change nearly linearly with increasing temperatures (or urea concentrations) and lack a sigmoidal signature characteristic of cooperative unfolding. Fluorescence resonance energy transfer (FRET) measurements between donor and acceptor molecules attached to the two ends confirm that Betanova is largely unstructured even at 10 degrees C; the average end-to-end distance estimated from FRET is closer to that of a random coil than a structured beta-sheet. In (D)P(D)P, the FRET results indicate a more compact structure that remains compact even at high temperatures (approximately 80 degrees C) or high urea concentrations (approximately 8 M). These results indicate that both these peptides access an ensemble of conformations at all temperatures or denaturant concentrations, with no significant free energy barrier separating the "folded" and "unfolded" conformations.